The overgrowth of ZIF on metallic nanoparticles is expected to create nanoscopic interfacial cavities at the interface between the catalyst's surface and polycrystalline ZIF coating. In this case, we use SERS to evaluate the organization of ZIF on a solid surface (solid@MOF) because of its surface-sensitivity to reflect any changes in chemical environment immediate to the surfaces (18). It is also noteworthy that the directly imaging of a metal-ZIF interface using highresolution electron microscopy remains challenging because of their instability under these conditions (33). Using the characteristic SERS band unique to the HCl-treated metal surface, we clearly observe that the vibrational energy of the Ag-Cl mode remain consistent before and after ZIF formation (Fig. S2F ). This result denotes that ZIF is not in direct contact with the metal surfaces; otherwise, the Ag-Cl vibrational energy will shift as a consequence of intimate interactions between ZIF and Cl-grafted Ag surfaces. Furthermore, we also note the absence of ZIF's intrinsic SERS features (Fig. S2G) . This is likely due to both the separation of ZIF away from the metal surfaces, as well as the reduced polarizabilities of its constituents when restricted within a rigid crystalline network (18). From both the SERS experiment, we therefore infer that the ZIF coating does not have intimate contact with the underlying electrocatalytic surfaces. Instead, we expect the coating of ZIF over the metal surface to contain molecular-scale interfacial cavities between Ag and ZIF due to the polycrystalline nature of this ZIF coating (Fig.  S2H ).
fig. S3. Qualitative comparisons of SERS spectra obtained under various experimental
conditions. This is to highlight the accessibility of important reactants, such as N2 and ethanol (EtOH; as proton source), to the electrocatalytic surfaces crucial for electrochemical nitrogen reduction reaction. SERS spectra on the right are magnified by 2.5-fold. Vibrational band at 913 cm -1 is assigned to ring breathing mode of THF.
Using SERS, we observe that N2 and ethanol molecules readily access the catalytic surface of our Ag-Au@ZIF ensemble when submerged in the electrolyte solution under constant N2 gas bubbling (Fig. S3 ). This is evident from the unique N-N stretching mode of N2 at 2328 cm -1 that only emerges upon N2 bubbling, as well as the vibrational features of ethanol's C-O stretch (1030 cm -1 ) and C-H bending modes (1448 and 1494 cm -1 ) (33-35). In contrast, Ag-Au electrode without ZIF coating shows no SERS signatures of ethanol and N2 molecules in the presence of N2 bubbling, indicating the minute amount of both species present near the SERS/catalytic surface. These results emphasize the importance of ZIF to confine both targeted N2 and ethanol molecules near the electrocatalyst essential for later NRR application. The control platform in Fig. S4E consists of an inhomogeneous and discontinuous layer of preformed ZIF nanoparticle atop of Ag-Au surfaces. The main purpose of this control platform is to exemplify the need of complete overgrowth of ZIF film over the metal surfaces to confer waterresistant properties. Notably, the layer of ZIF particles appears porous due to the gaps created between adjacent particles, as evident from both the top view and cross-sectional SEM images of the system. Consequently, cyclic voltammogram recorded from the control platform exhibits cathodic responses at -1.8 and -2.9 V that are attributed to HER, directly demonstrating that the layer of drop-casted ZIF particles is not an efficient water barrier. The effective magnitude of respective parameters is obtained by correcting against a blank control involving the same electrode platform but under constant Ar gas bubbling. This is to eliminate background NH3 contributions intrinsic in our solution-based electrochemical system. (E) Table tabulating the current density of various platforms determined using chronoamperometry under respective N2 or Ar gas flow.
We affirm that the NH3 generated in our work indeed primarily arises from the electrochemical nitrogen-to-ammonia conversion and not due to NH3 contaminant in N2 stream. This is based on the (1) systematic comparison on the rate of ammonia formation in both Ag-Au@ZIF and Ag-Au platforms, as well as (2) an estimation on the contribution of potential NH3 contamination to the overall NH3 quantified.
To accurately isolate any potential NH3 contamination arising from the N2 stream, we have compared the effective rate of NH3 formation (rNH3) recorded from Ag-Au@ZIF and Ag-Au platforms. Such effective rNH3 are determined by comparing the electrochemical experiments performed under N2 bubbling against control set-up using Ar flow (Fig. S6A ) which essentially eliminate other potential background contributions from the electrochemical set-up including electrolyte solution, electrocatalytic design, remnant dissolved N2 and/or nitrogen-containing species in the chemical/solvent used (5). In the case of Ag-Au@ZIF, we record an effective rNH3 of ~ 10 pmol.cm -2 .s -1 (Fig. S6A) . In contrast, Ag-Au electrode clearly demonstrates a significantly lower rNH3 of ~ 2 pmol.cm -2 .s -1 , which is ~ 8 pmol.cm -2 .s -1 lower than Ag-Au@ZIF platform. From the ~ 5-fold larger rNH3 in Ag-Au@ZIF than Ag-Au platforms, we evidently infer that the NH3 present mainly originates from electrochemical nitrogen-to-ammonia conversion. The contamination in the N2 stream is therefore minimal; otherwise, the rate of NH3 formation for both cases should be similar if NH3 molecules are largely originated from the N2 stream due to the similar experimental conditions employed (6 hours of exposure to N2 stream at 3 sccm).
We further estimate the contribution of any NH3 contaminant in N2 stream to the overall amount of NH3 detected by using the research findings from a recent study by MacFarlane and coworkers (see Calculation below) (36). In this study, they have performed detailed investigation on the amount of NH3 impurities in high purity N2 gas product using flow injection analysis techniques and quantified that the gas stream contains at most 0.003 vppm NH3. In our case, we also assume a maximum of 0.003 vppm concentration of NH3 present in the N2 stream owing to the use of the same gas product (also from Air Liquide). By comparing with the overall amount of NH3 molecules detected, we determine that the maximum possible contribution of NH3 contaminant in the entire N2 flow process is ~ 1 %. This finding further supports that potential NH3 contamination in N2 gas stream has negligible effect on the total NH3 detected, which was also observed by MacFarlane et al. in their NRR studies (they reported a highest rNH3 equivalent to ~ 20 pmol.cm -2 .s -1 ). Together with the use of effective rNH3 in our manuscript which eliminates background contributions from the electrochemical set-up, these analyses evidently affirm that bulk of the NH3 molecules detected are indeed generated dominantly by the electrochemical reduction of N2 molecules from the input gas stream.
Calculation:
Estimating the contribution of potential NH3 contamination in N2 stream to the overall NH3 detected.
For our electrochemical nitrogen-to-ammonia conversion, we use a N2 gas stream controlled at a flowrate of 3 sccm via a mass flow controller for six hours. Hence, the total volume of N2 gas (Vtotal) bubbled into THF-based electrolyte is calculated at: Vtotal = gas flowrate × t = (3 cm 3 /min) × [(6 x 60) min] = 1080 cm 3 where t is the total duration of N2 stream flow.
We estimate the potential contribution of NH3 contamination in N2 stream by assuming that the concentration of NH3 contamination in the N2 stream is 0.003 vppm, as previously reported by MacFarlane and co-worker (36). By further assuming that all NH3 contaminant is dissolved in THF due to its high solubility, the total volume of NH3 contaminant (VNH3 contaminant) present can therefore be calculated as followed: From VNH3 contaminant, we can therefore calculate the mass and number of moles of NH3 contaminant present in the input N2 gas stream (molNH3 contaminant).
MNH3 contaminant = ρNH3 × VNH3 contaminant = (0.769 kg/m 3 ) × (3.24 × 10 -6 cm 3 ) = (0.769 × 10 -3 g/cm 3 ) × (3.24 × 10 -6 cm 3 ) = 2.49 × 10 -9 g where MNH3 denotes the mass of NH3 contaminant in gas stream while ρNH3 is the density of NH3. Hence, the number of moles of NH3 contaminant (molNH3 contaminant) present in the N2 gas stream is:
= (2.49 × 10 -9 g) / (17.031 g/mol) = 1.46 × 10 -10 mol = 0.146 nmol However, our experimentally produced NH3 are: molNH3, total = rNH3 × Aelectrode × t = (10 pmol.cm -2 .s -1 ) × (0.047 cm 2 ) × (6 × 60 × 60 s) = 10152 pmol = 10.2 nmol where rNH3 denotes the rate of NH3 formation; Aelectrode represents the area of the electrode. Hence, the contribution of NH3 contaminant to the overall NH3 quantified (%NH3 contaminant) is therefore evaluated as followed: In this work, we use the terms "selectivity" and "Faradic efficiency" to characterize our AgAu@ZIF ensemble. "Selectivity" quantifies the preference of NRR (inclusive of NH3 and other partially-reduced product) over HER. Notably, this parameter demonstrates how we are able to favor the originally-unfavored NRR over HER via the introduction of a ZIF coating as a hydrophobic barrier and N2 concentrator. On the other note, Faradic efficiency measures the efficiency of the entire set-up to generate NH3 as target/desired end product and does not consider other NRR products for fair comparison across different reported systems.
Using Ag-Au@ZIF electrode as an example (Fig. S7) , Faradic currents are extracted from the cyclic voltammogram using a widely employed method by subtracting background capacitive current from the actual current recorded. In the presence of N2 flow, we observe a Faradic current (IN2) of 1.54 µA at -2.5 V. In contrast, a significant 10-fold lower Faradic current (IAr) of 0.172 µA is recorded under Ar flow, which also denotes the negligible Faradic process occurring when in the absence of N2 gas. Using the Faradic current under Ar flow as a benchmark, the contribution of electrochemical nitrogen reduction (NRR) to the overall Faradic processes, and therefore the selectivity of Faradic processes towards NRR, can be estimated based on the following equation: To evaluate the stability of our ZIF layer under electrochemical conditions, we perform an accelerated durability test by subjecting Ag-Au@ZIF electrode to potential cycling between -0.5 V to -3.0 V for 90 cycles (equivalent to 440 min of electrochemical treatment). We observe that the peak potential of NRR is stable at -2.44 V with consistent peak current of 1.43 µA with < 3 % change even over 90 potential cycles (Fig. S9) . Both the consistent peak potential and peak current are indicative that ZIF is able to continuously concentrate N2 and ethanol molecules over the electrocatalytic surfaces. This is a direct evidence that ZIF is able to maintain its structural integrity even with prolonged electrochemical treatment, as again supported by the intactness of the polycrystalline ZIF layer imaged using SEM after the accelerated durability test.
We further affirm the chemical robustness of the ZIF layer by tracking its water-repelling property during the electrochemical accelerated durability test (Fig. 4; Fig. S9 ). Generally, ZIF's water-resistance mainly arises from its hydrophobic interior pores (due to presence of imidazole ring as well as hydrophobic functional group -Cl in the organic linker) rather than physical hindrance because its aperture pore size (0.48 nm) is bigger than the kinetic diameter of water (0.265 nm) (37). Notably, we determine that the ZIF layer is able to maintain its superhydrophobic properties even after 90 potential cycles between -0.5 V to -3.0 V, as justified by the absence of cathodic peaks attributed to HER at -1.7 V throughout the electrochemical treatment ( Fig. 4; Fig. 9 ). Such ability to maintain its superhydrophobic properties clearly affirms that ZIF is predominantly chemically robust even under prolonged exposure to electrochemical conditions. Collectively, these insights on ZIF's ability to maintain both its structural and chemical integrity highlights that our ZIF coating is largely stable and remain intact even under extended electrochemical treatment. 
